Appendix: Poster Abstracts

Abstracts of posters presented at the Third National
IPM  Symposium/Workshop are pre-sented in this
section. These abstracts were first printed in the
SymposiumyWorkshop program and are reproduced
without change here. Papers are in aphabetical
order based on the last name of the first author.

Developing and Delivering an | PM Program for
Hot Pepper Growersin Mexico. M. Saul Alar-
con, Hasan A. Bolkan, Robert K. Curtis, and Dennis
J. Larsen. Campbd | Soup Company, 28605 Country
Road 104, Davis, California 95616

Traditionally, pests and diseases of hot peppers
(Capsicum spp.) are controlled with protectant
fungicides and contact insecticides applied on
calendar base. Depending on the target organism,
the number of sprays can range from 5 to 15 per
season per crop. The preventive strategy is
successful in protecting yields and quality. Public
concerns, however, about pesticide residues is
forcing processorsand growerstofind aternative

control strategies to reduce the use of synthetic
pesticides. To help growers make the switch from
calendar base pesticide applications to only when
needed, Campbell Soup Company has initiated an
aggressive IPM program for pepper weevil
(Anthonomus eugenii Cano), yellowstriped army-
worm (Spodoptera ornithogalli Guenee), and virus-
transmitting insects. Campbell’'s Jalapeno IPM
Program has threeinterrelated components: cultural
practices, monitoring, and treatment. The cultural
practicesindude crop rotation and field sanitation to
eliminate weed populations to prevent potential
migration and infestation of pests and viruses. The
second component of the IPM program is
monitoring and scouting for pest populations.
Campbdl's IPM specidists provide hands-on

growing season, overall pesticide reduction (kg.
active ingredient/acre) for growers using IPM
ranged from 27.1 to 55.3 percent compared to
non-IPM growers. For the same IPM growers, the
number of spray applications declined 15 and 30.6
percent, respectively, depending on the location of
the field.

Manipulation of Orchard Ground Covers for
Enhanced Arthropod Management. Diane G.
Alston, Department of Biology, Utah State
University, Logan UT 84322-5305

Diversity and density of species of ground cover
plantsinfluenced arthropod abundance and dispersal
in Utah apple orchards. Certain broadleaf weeds
present in ground covers increased densities of
phytophagous and predaceous mites. Mite
abundanceand timing of their dispersal from ground
cover into trees was strongly influenced by presence
of certain broadleaf weeds and ground cover
management practices, such as frequency and timing
of mowing, herbicide application, and cultivation. In
addition, the ground cover species composition and
biomass were influenced by frequency of mowing.
Percent horizontal cover of fidd bindweed a
prominent host species for phytophagous mites, was
greater in plots mowed every two weeks (10-23
percent of total cover) than in plots mowed every
three weeks or left unmowed (1 -7 percent) during
July and August. Ambulatory dispersal of
phytophagous mites into tree canopies was two
times greater in plots mowed every two weeks than
in unmowed plots. The presence of apple
rootsuckers on the base of tree trunks increased the
abundance and dispersal of phytophagous mites into
canopies. The type of ground cover in atart cherry
orchard was found to influence the pupation success

training to growers’ field personnel and help them
monitor twice a week for insects and diseases. When
it is determined through monitoring and scouting,
that pest populations have reached the level which
will cause economic damage, the grower is
encouraged to apply selective or biorational
pesticides such &acillus thuringiensis. In 1995

of western cherry fruit flies in the soil, and the time
and rate of emergertidtofirathe spring.
Ground covers of companion grass and weeds
resulted in the least pupation. Greatest pupation
ccsss and earliest emergence of adults was seen in
bavergt plots. 8il temperature may be a better
predictor ofdult emergence than air temperature.
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Consideration and Management of Pesticide
Resistance by the U.S. Environmental Protection
Agency. Neil Anderson, Tobi L. Colvin-Snyder,
Frank Ellis, Paul I. Lewis, Sharlene R. Matten,
Robert I. Rose, Douglas W.S. Sutherland, and Steve
Tomasino U.S. Environmental Protection Agency
Office of Pesticide Programs Pesticide Resistance
Management Workgroup 401 M Street SW.
Washington, DC 20460

Pesticide resistance management is a worldwide
problem and is an important aspect of IPM. The
U.S. Environmental Protection Agency has
considered the development of pesticide resistance
and pesticide resistance management in its
regulatory decisions and believes that it is very
important to implement effective resistance
management strategies. How the Agency has
considered pesticide resistance management under
the Federal Insecticide Fungicide Rodenticide Act
(FIFRA) when making emergency exemption,
specia review and registration decisions plus new
Agency pesticide resistance management initiatives
will be discussed.

Management of Plant-parasitic Nematodes in
Cotton Production Systems with Poultry Litter
and Winter Rye. K.R. Barker’, S.R Koenning', RL.
Mikkesen?, K. L. Edmister?, D. T.Bowmari , and
D.E. Morrison*, 'Departments of Plant Pathology,
2Soil Science, and® Crop Science, North Carolina
State University, Raleigh, NC, 27695, and “North
Carolina Cooperative Extension Service, Scotland
County 231 E. Cronly St., Laurinburg, NC 28383

Cultural practices often are neglected as an option
for nematode management in cotton. Use of animal
wastes and other organic amendments or green
manure crops such as a winter rye crop have
promise for controlling many plant-parasitic
nematodes. Field experiments were initiated in
North Caralinato evaluate the influence of rates and
dates of poultry litter application and (or) a winter
rye cover crop on Columbia lance nematode,
Hoplolaimus columbus, and cotton yield. Fertility
leveds for al plots were adjusted to those
recommended by a soil test. A rye cover crop
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fertilized with various rates of chicken litter tended
to suppress numbers of Columbia lance nematode,
but aso had a negative impact on cotton yield.
There was a negative correlation (P=0.05) between
seed cotton yidd and the amount of rye incorporated
into the soil. However, high rates of chicken litter
increased (P=0.10) cotton yield and resulted in low
numbers of this nematode in September. Early
application (December) of litter tended to improve
nematode control and enhance yield more than late
application  (April). Numbers of root-knot
nematodes, Mel oidogyne incognita, were lowest in
plots receiving chicken litter, regardless of the date
of application. The increased cotton yied in
response to chicken litter application can be
attributed to nematode control, since it is unlikely
that fall-litter applications affected soil fertility
during the growing season. Poultry litter aso
enhanced numbers of microbivorous (non-parasitic)
nematodes, indicating increased microbial activity
when this material was added to the soil. Overall,
results from field as well as greenhouse tests show
that these soil amendments were more effectivein
suppressing population densities of the plant
parasites M. Incognita and Paratrichodor us minor
than H. columbus and Rotylenchulus reniformis.

Spatial Analysis Technology Applied to the
Regional Assessment of Plant Pests and Diseases.
John H. Barnes, USDA/CSREES, Washington DC;
Hasan Bolkan and Saul Alarcon, Campbell Corp.,
Davis. CA.; Merritt Nelson, David Byrne, and Tom
Orum, Univ. of Arizona, Tucson, AZ

We have been assessing the benefits of analyzing
plant disease and pest severity on aregional scale
using the tools that are also being applied to
precision farming, such as geographic information
and global positioning systems (GIS and GPS).
These two technologies are extremely useful in
developing a computer map based record of the
location of disease and pest outbreaks. In addition,
these data may be anayzed spatialy using
geostatistics to show how and where regional
patterns vary. When the concepts of "Landscape
Ecology" are applied to the heterogeneous
landscapes that are characteristic of most plant



dominated ecosystems, including agroecosystems
useful conclusions regarding cropping pattern
influences on the severity of diseases and pests may
be generated and used in the design of management
programs. This approach to the assessment of
disease and pest risk requires that al data be
associated with map coordinates. Inexpensive hand-
held GPS units now available make this possible.
Such data can be entered into the GIS database for
geostatistical and other spatial analysis procedures.
Outcomes of this approach to assessing plant
disease and pests incdude an easily accessible record
of disease occurrence, identification of recurring
patterns and association of landscape features with
recurring pattens of diseases and pests. Such
information displayed in an attractive format can be
a powerful tool in promoting a program that
requires some significant cultural changes in pest
management practices. Thus far this technology has
been used in the management of tomato virus and
fungal disease and insect pests, cotton viruses and
whitefly vectors, and cotton aflatoxin occurrence.
Computer hardware and software developmentsin
the past five years of significance to these
applications have been explosive. These
deveopments herald anew erain the processing and
analysis of information used in IPM programs.

The Au-Pnut Peanut Leaf Spot Advisory:
Effective Range And Control of White Mold and
Limb Rot. Ellen M. Bauske, Horticulture, Auburn
University, AL 36849, Paul A. Backman, Plant
Pathology, Auburn University, AL 36849, Larry
Wells, Assistant Superintendent Wiregrass
Substation, PO Box 217, Headland, AL 36345; and
Stephen  Adams, Meteorologist, Southeast
Agricultural Wesather Service Center, Wire Rd.,
Auburn, AL 36849

The AU-Pnut peanut leaf spot advisory uses the
number of days with precipitation greater than 2.5
mm and five-day precipitation probabilities to
predict periods favorable for development of |eaf
spot diseases (Cercospora arachidicola and Cer-
cosporidium personatum). Studies were done to
determine the effective range of the AU-Pnut
advisory and to incorporate tebuconazole (Folicur
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3.6F) for control of white mold (Sclerotiumrolfsii)
and limb rot (Rhizoctonia solani) into the spray
program. Dry land and irrigated tests were done.
Three AU-Pnut programs were generated using the
regional five day precipitation forecast and
precipitation measured on-site, 1.6 km off-site or
12.9 km off-site from both tests. The performance
of the AU-Pnut spray programs was compared with
astandard 14-day spray schedule. Half of the plots
in each test were sprayed with chlorothalonil (Bravo
720F) at the recommended rate (1.0 kg a.i./ha) and
half were sprayed with a chloro-thal onil-tebucon-
azole tank mix at 0.34 and 0.1 kg a.i./ha,
respectively. All diseases were more severe under
irrigation. The number of fungicide applications was
7, 6, 6, and 5 for a 14- day program, AU-Pnut
on-site, AU-Pnut 1.6 km off-site, and AU-Pnut 12.9
km off-site, respectively. Spray schedules were
identical in the on-site and 1.6 km treatment.
Control of leaf spots, white mold, and limb rot was
more effective and yields were highest when the
chlorothalonil-tebuconazole tank mix was applied
with AU-Pnut on-site or 1.6 km off-site. Disease
control was less effective with AU-Pnut at 12.9 km.
Treatments with tebuconazole were more effective
against whitemold and limb rot. Presently AU-Pnut
uses rainfall data to schedule a 100 ha area. These
studies indicate the potential for a control arealarger
than 256 ha.

Development of a Strategic Plan for
I mplementation of Tomato | PM Practices. Ellen
M. Bauske, Horticulture; Geoffrey W. Zehnder,
Entomology; Edward J. Sikora, Plant Pathology;
and Joseph M. Kemble, Auburn University, AL
36849

An IPM planning project was initiated to increase
the implementation of IPM practices on
fresh-market tomatoes in the southeastern region.
Tomato IPM teams were formed in Alabama,
Florida, Georgia, Kentucky, North Carolina, South
Carolina, and Tennessee consisting of researchers,
extension specialists, producers and industry
personne active in and familiar with tomato
production in each State. The teams met at Auburn
University in early November 1995 to develop a



working definition of tomato IPM based on al
currently available tomato IPM practices, and to
discuss methods to measure the economic,
environmental, social and public health impacts of
IPM programs. This multi-state meeting facilitated
a valuable exchange of information on tomato
production practices in each State (i.e., States with
established tomato IPM programs shared ideas on
tomato IPM that benefitted States with less
developed IPM programs). The list of available
tomato IPM practices was used to develop atomato
IPM grower survey to (1) determine baseline levels
of IPM adoption in each State, (2) develop a
prioritized list of grower-identified research and
extension needs, and (3) increase grower awareness
of currently available IPM technology. The survey
questionswill be explained in detail to growers at a
series of production meetings held in each State to
increase producer awareness and understanding of
tomato IPM practices. Thus the surveys will serve
as an educational tool in addition to a means of
collecting data on IPM adoption. Information from
the surveys will be used to develop an overall plan
to increase adoption of IPM by tomato growers in
the southeastern region.

ESCOP/PMSS Biological Control Working
Group: Vision and Activities. D. Michad Benson,
Dept. of Plant Pathology, NC State University,
Raleigh, NC 27695; and Harold W. Browning,
University of Florida, Citrus Research and
Education Center, Lake Alfred, FL 33850

The Biological Control Working Group (BCWG)
fosters the development and implementation of
biologica contral of pests, weeds, and pathogens as
the central component of an ecologically-based
approach for integrated pest management (IPM).
The goals of the BCWG are to establish linkages
among current operating regional committees
concerned wholly or in part with biological control
for pests and pathogens to improve information
exchange, to define and give visibility to biological
control for agricultural and urban pests and
pathogens as  distinct components of crop
protection systems, to provide input in budget
building processes, to encourage application of new
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molecular toolsto biological control research, and to
plan and organize interdisciplinary workshops and
symposia.

Currently, four broad objectives, including
promotion/communication, regulation, funding and
coordination, have been developed and pursued by
members of the working group. Discussion is
underway to develop a linkage with industry in
support of a workshop on commercialization of
biological control agents. A web site (http://
iprmwww.nesu.edu/biocontrol/biocontrol. html) has
been established to communicate working group
activities and coordinate biological control efforts
among groups and individuals. Members have
promoted incorporation of biological control into
extension programs by participation in workshops
and discussion sessions with extension specialists at
State and regiona levels. The working groups
developed a statement to discourage the approach
taken by APHIS in the recent proposed rule for
introduction of non-indigenous organisms that
subsequently was withdrawn. The BCWG supports
the development of biological control regulations
wherein natural enemies are not defined as plant
pests. The working group has been involved at the
Federal level to assist in coordination of a National
IPM Initiative. As commodity-based IPM initiatives
develop in the next few years, the working group
will assist in the setting of priorities for funding by
technical evaluation of resources needed for
inclusion of biological control in IPM strategies.
Important activities of the BCWG have included
sponsorship of an AAAS Symposium and a UCLA
Symposium on biological control, a National
Workshop on regulations and guidelines, and
workshops on biological control a IPM
Symposiums.

Vermont Apple IPM Program: Integration of
Research & Extension Produces I nnovation and
Success. L.P. Berkett, J.F. Costante, A. Gotlieb, J.
Clements, D. Schmitt, D. Heleba, J. Bergdahl, T.
Bradshaw and G. Neff, Department of Plant and
Soil Science, University of Vermont, Burlington,
VT 05405



An active and effective research and extension
program has been developed on apples using ateam
approach. The team includes faculty and staff
representing the disciplines of horticulture, plant
pathology and entomology. Members of the team
have both research and outreach responsibilities.
The team works directly with apple growers and
knows first-hand the concerns and issues which
confront the apple industry, both for the short-term
and thelong-term. The program involves:

» An extension progran which includes
one-on-one interactions with apple growers,
workshops, meetings and publications. The
University of Vermont’s Apple Press newsl etter,
which has over 250 paid subscribers including
commercial orchardists, consultants, extension
agents, and researchers in 24 States and 3
Canadian provinces, contains a section entitled
"IPM NEWS,” which includes information on
pest status, monitoring techniques, thresholds,
life cycles, and management strategies. Our
newest and most exciting information transfer
tool is the "Virtual Orchard," a WorlalVide
Web (WWW) site devoted to tree fruit
production, marketing, and information
exchange. Visit the "Virtual Orchard" at
http://orchard.uvm. edu.

» An active horticultural research program which
focuses on the commercial potential of new
apple varieties that have been bred for
resistance to apple scab, the major disease of

apple.

» Pest management research and demonstration
targeted at reducing pesticide use. An exciting,
new project on apple scab was initiated @95
which for the first time utilizes crop insurance
as a "safety net" in IPM implemenitat.
Orchards in Vermont and New Hampshire are
participating in this Apple Scab IPM Project.
This new application of crop insurance is
viewed as an important step in stimulating the
adoption of new IPM techniques. This
innovative project is made possibledtgh the
support of the Honorable Senator Leahy, the
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USDA, and the Consolidated Farm Service
Agency.

Vermont Extension IPM Program: New
Initiatives. Lorraine P. Berkett, Alan R. Gotlieb,
Margaret Skinner, Sidney Bosworinn Hazelrigg,
Department of Plant & Soil Science, University of
Vermont, Burlington, V105405

With the previous level of Smith-Lever 3(d)
funding, Vermont has been able to develop an
effective, interdisciplinary apple extension program.
The Supplemental Exteios) IPM funding eceived

in 1995 has enabled us itiate two new IPM
programs in Vermont: (1) a Diversified Vegetable
and Small Fruit IPM Program; and (2) a Greenhouse
Ornamental IPM Program. The overall objectives of
these programs are to develop effective multi-
organizational, interdisciplinary IPM
Implementaibn Teams to identify extension and
research priorities and to focus extension and
research on those priorities.

(1) Diversified Vegetable and Small Fruit IPM
Program: During this past gumer, an
interdisciplinary IPM Implementain Team was
formed to develop a pilot extension program which
targeted 8 diversified vegetable and small fruit
farms. On-site farm visits were orducted
throughout the growing season t@yide education

on disease, insect and weed identification and
biology, and training on scouting techniques and
IPM practices. Currently, an assessment is being
conducted on what practices andht@ques were
adopted and their impacts. A short course is being
developed for this winter, based on
grower-identified educational needs.

(2) Greenhouse Ornamental/ IPM Program: This
program addresses one of the fastest growing
agricultural sectors in terms of grower cash pgsei
Consumers are demanding high-quality plants. But
since efficacious alternatives are few and often
complicated to use, growers rely heavily on
agrochemicals to suppress a range of pests and
diseases. During the first year of this program,
baseline data are being collected on current usage of



IPM practices and pesticides dong with estimates of
loss due to pest damage. From this information, an
IPM implementation strategy will be devel oped for
Vermont and thetri-stateregion (i.e,, VT, NH, ME).

In addition to the above programs, we are
developing a Forage IPM Program which focuses on
management strategies to prevent premature stand
decline of afalfadueto acomplex of factors. Future
funding will enable this program to be fully
implemented.

Grasshopper 1PM on Western Rangelands. S.
Berry, USDA, APHIS, 4125 E. Broadway, Phoenix,
AZ 85040, W. P. Kemp and J. A. Onsager, USDA,
ARS, Rangeland Insect Lab, Bozeman, MT 59717
and M.D. Skold, DARE, Colorado State University.
Ft. Callins. CO 80523

Grasshoppers are the most important insect pest on
over 770 million acres of rangeland in the western
U.S. Since the 1930s, publicly assisted control
programs used an intervention level of 8
grasshoppers per squareyard as aguideto initiating
control programs. A decision support system,
Hopper, developed under the Grasshopper
Integrated Pest Management project incorporates an
economic threshold (ET) into the grasshopper
management decision. The ET necessary to justify
management programs varies between locations and
over time. It changes with the grasshopper species
(Berry, Kemp, and Onsager 1992), rangeland
productivity, cost of replacement forage, and the
cost and efficacy of treatment options (Davis et a.
1992). Implementation of grasshopper IPM will
require full use of preventive actions such as: hot
spot treatments of potential breeding grounds to
prevent larger outbreaks, range management
practices which maintain vegetative canopy and
thereby prevent or delay microhabitats preferred by
many pest grasshopper species (Onsager 1995),
ranch forage management such as using additional
hay stocks as a hedge against grasshopper outbreaks
(Skold, Davis and Kitts 1995), and biological
controls. Additional research and demonstration is
needed to incorporate the options into an IPM
strategy. If preventive actions are not successful,
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management would involve therapeutic action to use
of one of the approved chemical control options. It
can aso be expected that if continued public
funding of rangeland grasshopper programs is not
available, aternative ways to finance these
programs will have to be found (Skold and Davis
1995). Finally, once preventive and therapeutic
strategies are included in the IPM for rangeland
grasshoppers, IPM training for grasshopper
program and land managers will be required.

A Bioherbicide for Control of Dodder. Dr.
Thomas A. Bewick, Horticultural Sciences Dept.,
University of Florida, PO Box 110690, Gainesville,
FL 32611-0690

An important component of IPM programs is to
have available control measures for a specific target
pest. Satisfactory dodder (Cuscuta spp.) control
strategies do not exist for most horticultural crops.
Two fungal pathogens of dodder were isolated in
1984. A patent was issued in 1990, and in 1991
HACCO, Inc, asubsidiary of United Agri-Products,
signed a standstill agreement to develop a
commercial bioherbicide for dodder control. Since
that time, the IR-4 Project has provided funding and
regulatory guidance that has served to move the
product toward EPA registration. In 1995, astable
formulation of the bioherbicide was field-tested in
Massachusetts and Wisconsin cranberry plantings.
Dodder control exceeded commercially acceptable
levels in both locations. Additional field tests are
planned for 1996. An Experimental Use Permit is
being sought with the guidance of IR-4 that will
allow for large scale fidld testing. The registrant is
projecting that a commercia product will be
availablefor growers within three years. Without the
efforts of IR-4, this project would not have
advanced to commerdid viability and there would be
no possibility of IPM programs in horticultural
crops for dodder contral.

I ntegrated Pest Management in Montana Cer eal
Grains Cropping Systems. S. Blodgett, G.
Johnson, Dept. Entomology, Montana State
University, Bozeman, MT 59717; B. Maxwell,
Dept. Plant, Soil & Environmental Science,



Montana State University, Bozeman, MT 59717; R.
Stougaard, Northwestern Agriculture Research
Center, 4570 MT 35, Kalispel, MT 59901; W.
Kemp, USDA, ARS, Rangeland Insect Laboratory,
Bozeman, MT 59717

Sixty four percent of Montana's 92.9 million acres
is in farm or ranches, with total assets of $21.2
billion. The 17.5 million acres of cropland is
responsiblefor about $ 1 billion in cash receipts for
all crops; with 80 percent of the cash value from
cereal grains. A recent survey (Blodgett et al.
unpublished) indicated that wheat stem sawfly,
grasshoppers, and wheat stresk mosaic virus were
the most damaging cereal grain insect and disease
pests to Montana producers. Economic losses dueto
plant diseases and arthropods can be dramatic. In
1993 and 1994, whest streak mosaic virus, vectored
by the whest curl mite, was responsible for losses
estimated at $35.7 million (J. Riessdman, MSU
personal communication). Wild oats have been
identified as a significant weed pest, with annual
herbicide costs of $10 million in Montana alone.
Research at MSU has focused on these and other
important pest concerns. Wheat curl mite (Aceria
toshicella) research has focused on evaluating
guality of aternative grass hosts, within plant mite
distribution, and mite population dynamics in mixed
cropping systems (Blodgett). Russian wheat aphid
(Diuraphis noxia), drought stress, and ther
interaction has been examined for effects on wheat
yield and quality (Johnson). Preliminary results
indicate that both wheat curl mite and Russian
wheat aphid are influenced by a cover cropping
system utilizing annual legumes. A strategic issue of
the USDA, ARS, Rangeand Insect Laboratory
(RIL) has been to develop sampling and forecasting
strategies for integration of pest management
options into farm/ranch and crop/range situations
(Kemp). Non-chemical control of wild oats (Avena
fatua) and within-farm distribution and population
dynamics have been an important research focus
(Maxwell & Stougaard). Plans in 1996 include
spatia analysis of multiple pest distributions and
interactions with implications for management.
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Corn Rootworm Beetle Emergence, Female
Fecundity, and Egg Viability Associated with
Labeled and Reduced Soil Insecticide
Application Rates. Mark A. Boetd and Billy W.
Fuller, Plant Science Department, Box 2207-A, 219
Agricultural Hall, South Dakota State University,
Brookings, SD 57007

Environmental concerns and the economics of
agricultural production during the past decade have
prompted evaluations of reduced soil insecticide
application rates for managing northern (NCR) and
western corn rootworm (WCR), Diabr otica barberi
Smith and Lawrence and D. virgifera virgifera
LeConte, respectively, larvae. These studies
(conducted throughout the north central Corn Belt)
have indicated that acceptable control can be
attained using reduced rates. However, the
long-term repercussions of such management
practices on rootworm populations have not been
investigated. Our objective was to assess the
potential impacts of reduced application rates on
corn rootworm sex and species ratios, fecundity, and
viability of eggs collected from surviving females.

Fidd plots were established with full labded (1X),
and reduced (0.75 and 0.50X) application rates of
three soil insecticides [I) terbufos, a traditional
organophosphate; 2) tefluthrin, a pyrethroid; and 3)
chlorethoxyfos, a phosphorous triester organophos-
phate], and an untreated check. Traps were used to
live-capture emerging beetles from insecti-
cide-treated soil zones in treatment plots for usein
fecundity and egg viability assessments.

Femae NCR emergence was reduced by 33.5, 29.7,
and 46.9 percent using 0.5, 0.75, and 1X rates of
tefluthrin, respectively, in comparison with the
untreated check. These reductions provided by the
insecticide treatments, however, were not
significantly (P > 0.05) different from each other.
No further sex ratio- or species-specific differences
in survival were detected among treatments.
Terbufos applications resulted in significantly more
eggs produced per NCR female than that observed
in untreated plots, however beetles surviving the
high rate (1X) deposited 86 percent more non-viable



eggs than those emerging from reduced-rate and
untreated soil.

Our results indicate that lower rates of these
insecticides will result in no significant shiftsin corn
rootworm gender, species, or the production of
viable eggs. Thus, with no apparent negative
ecological implications, the lowest insecticide
application rates that consistently maintain corn
rootworm damage below the economic injury leve
should be considered for implementation into
current corn production systems.

Spatial Distribution and Sampling Plans for
Cereal AphidsInfesting Spring Wheat. Philip J.
Boeve and Michad J. Weiss, Department of
Entomology, North Dakota State University. Fargo,
ND, 58105

Three cereal aphids, Rhopalosiphum padi (L.),
Schizaphis grarninum (Rondani), and Sitobion
avenae (F.) invade wheat fidlds in the northern
Great Plains each spring and occasionaly reach
economic status. Cereal aphid populations need to
be estimated for pest management decision making.
This study was conducted to develop sampling
plans based on ether the number of

aphids per stem or based on the percentage of
infested stems. Forty-five population estimates were
collected from eastern North Dakota spring whesat
fidds during 1993-1995. The number of aphids per
stem were counted on 100-350 stems per field.
Taylor's power law, lwao's patchiness regression,
and the negative binomia k were used to analyze the
spatia distribution of the aphids. Taylor's power
law provided a better fit to the data than the other
methods. All three species exhibited an aggregated
distribution. The slope from Taylor's power law
regression for each aphid species ranged from 1.18
to 1.24, and were not significantly different from
each other (P> 0.05). Sample size requirements for
fixed levels of precision were estimated with
Taylor's regression coefficients. Parameters from the
regression of In(mean aphids/stem) on
In[-In(proportion of uninfested stems)] were used to
develop a binomial sequential sampling plan. The
sampling plan with afixed level of precision should
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be used by researchers developing economic
thresholds for cereal aphids in spring wheat. The
binomial sequential sampling plan should be used
by growers and crop scouts to determine if an
insecticide application is warranted.

Disease Resistant Variety Trial and Farm
Demonstration Plots for Pepper IPM in New
England. Jude Boucher, GiannaNixon and Richard
Ashley, Department of Plant Science, University of
Connecticut, U-67, 1376 Storrs Road. Storrs, CT
06269-4076

Since 1989, bacterial leaf spot (BLS) has occurred
on 90 percent of the farms that have participated in
the University of Connecticut's Pepper [IPM
Program and accounts for 66 percent of the
pesticide used on this crop. Phytophthora blight
(PB) and cucumber mosaic virus (CMV) are not as
common on New England farms as BLS, but may
reduce yields substantially when present. Resistant
varieties offer an important new alternative to
chemical controlsfor these diseases and are a crucial
component of pepper IPM. In 1995, we compared
thehorticultura characteristics of one PB, one CMV
and 12 BLS resistant varieties to two popular
commercia peppers in a replicated tria at the
University of Connecticut. Fruit were graded for
sizeand shape and yields were separated into early-
and late-season harvests. Other parameters
measured were plant height, canopy width, and fruit
wall thickness, length to diameter ratio, number,
weight, and the percent marketable. Unreplicated
demonstration plantings with three or four resistant
varieties each were conducted at 12 commercial
farms in 1994/1995 and yields were quantified at
the University's research farm in 1994. Severa
resistant varieties were judged to be equal or
superior to the two popular cultivars based on a
combination  of  characteristics  including
observations on disease susceptibility at local farms.
IPM program participants are encouraged to utilize
a variety of techniques for pepper disease control
including hot-water seed treatment, proper
sanitation, crop rotation, resistant varieties, weekly
scouting and chemical controls if necessary.



New Pathways: an Education Proposal For
IPM/ICM Practitioners. Dan E. Bradshaw,
CPCC-I, Crop Aid Agricultural Consultants. 2806
Western Acres, El Campo, Texas

Over theyears, anumber of constraints to the more
widespread adoption of IPM have been identified.
One constraint widely discussed is the lack of
targeted education programs to attract and train
future practitioners. With increasing environmental
concerns, economic considerations, and the general
complexity of agricultural production management,
the nead for this type of training for practitionersis
gregter than ever before Thisis especially trueif the
stated goal of having 75 percent of the U.S.
cropland under IPM islikely to be met with credible
IPM. However, an important aspect of an education
system is that the training must meet the applied
needs of these potentia practitioners. To be
effective, practitioners must be ableto functionin a
truly multidisciplinary setting. IPM is only one facet
of the broader integrated crop management (ICM)
environment in which most individuals actualy
must practice. Current doctoral level degree
programs in the sciences related to crop production/
protection are al narrowly focused at the discipline
and subdiscipline level. A new degree program
(often called the Doctor of Plant Health) patterned
after the veterinary medicine model is proposed for
practitioners in crop production/protection. A new
method of teaching is proposed -- the New
Pathways concept -- based on programs at several
medical schools. These programs recognize that it is
impossible to teach everything a person might need
to know in classroom programs. These medical
schools emphasize problem solving and mastery of
basic principles rather than extensive memorization.
Intheagricultural New Pathways proposal, training
from agronomy, soil science, entomology, weed
science, plant pathology, horticulture, plant
physiology and other essentia disciplines would be
combined with the applied skills such as problem
solving, communication, diagnostics, systems
integration and management and other practical
knowledge essentia for practitionersto function in
the business world. Teaching applied subjects would
emphasize  problem-based learning. Crop
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consultants would serve as adjunct professors and
team teach with professors from the various
disciplines using case studies, cap stone courses and
internships. Pilot programs at severa major
universities are being discussed and devel oped with
significant input from the crop consulting
profession.

Multi-disciplinary Study of Crop Production
Systemsfor the Canadian Prairies. S.A. Brandt,
O. Olfert, & A.G. Thomas, Agriculture &
Agri-Food Canada 107 Science Place, Saskatoon,
SK, Canada S7N 0X2

Most of the grassland ecozone of the Canadian
Prairies has been cultivated, with only small
remnants of native prairie remaining. All of the
cultivated land base has incurred soil degradation,
over the past 100 years. To address the issues of
profitability and soil degradation farmers are
encouraged to diversify their production away from
acereal monoculture and to reduce fallow and farm
inputs. Climatic limitations favor cropping options
such as small grain ceredls, cool-season oil seeds and
pulses, and perennial forages. Economic constraints
dictate that most of the land base is used for field
crop production. Livestock production is restricted
to marginal lands. The current study was initiated to
monitor and assess aternative input use and
cropping strategies for arable crop production on the
Canadian Prairies with respect to (1) biodiversity,
(2) insect, weed and disease dynamics, (3) farm
level profitability, (4) soil quality, and (5) food
safety.

The experimenta framework is a matrix
representing three levels of input use (organic;
reduced; high) and three levels of cropping diversity
(wheat based with fallow; diversified using ceredls,
oilseeds and pulses, diversified grains with
perennial forages). Crops are whest, barley, oats,
rye, canola, flax, lentils, peas, afafa, sweet clover,
brome grass. The design is based on a six-year
rotation, and include all phases in each year. The
study utilizes 40m X 77m plots in a split-plot
design, replicated four times, and is located on the
transition zone between semi-arid and sub-humid



prairies at Scott, Saskatchewan (52° 22; 108° 50
near the geographic center of the Canadian Prairies.
Small areasin each plot arereserved for destructive
sampling and detailed experimentation while the
bulk of theplot areaisretained to preserve
treatment  integrity.

Evaluations are either annual or on acyclical basis
(6-year) to determine direction and rate of change
over time as aresult of the treatments. The design,
data collection and evaluation of the study are a
result of the collaborative efforts of scientists
representing soils, pests, crops, and economics The
anticipated impact of these activities is to provide
guidance for development of systems that maintain
overal levels of food production and quality,
without increasing inputs of non-renewable
resources.

Small GrainsIPM in the High Plains: an Initial
Russian Wheat Aphid Effort and Prospects for
Expansion. Michad J. Brewer, Univ. of Wyoming,
PO Box 3354, Laramie, WY 820711, Frank B.
Peairs, Colorado State Univ., Fort Coallins, CO,
80523, Gary L. Hein, Univ. of Nebraska. Panhandle
R&E Center. 4502 Ave 1, Scottsbluff, NE, 69361,
and Stephen D. Miller, Univ. of Wyoming, PO Box
3354, Laramie, WY, 82071

In collaboration with related activitiesin theregion,
weare striving to integrate and implement host plant
(resistance and enhanced competitiveness) and
natural enemy regulation of pests that are
sustainable and part of an economically viable
production system. To best allow for short-term
success while establishing an implementation
structure to address multiple pests in awhole farm
system, we partitioned our efforts into two
overlapping parts.

PART I. Regulation of Russian wheat aphid by
plant resistance and natural enemies occurs and isin
various phases of implementation. Wheat resistant
to Russian wheat aphid has been planted in one acre
on-farm plots in the region side-by-side with
preferred commercia varieties (in collaboration with
the CSU on-farm testing program). Parasitoids have
been introduced into the region, and spread of
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Aphelinus albipodus have been confirmed (in
collaboration with USDA APHIS and ARS). In lab
tests, this parasitoid performs well on Russian
wheat aphids infesting resistant or susceptible
commercial plants. Will such synergy of regulating
agents occur in the on-farm system and lead to a
more sustainable pest management system to
control Russian wheset aphids? To address this issue,
our team is composed of growers, researchers, and
outreach educators.

PART Il. Our team from the onset is also composed
of weed scientists, plant pathologists, and
economists. Creating an implementation structure
using thewd|-focused structure of PART |, weam
to expand to other pests identified by growers and
public sector personnd in our team: principaly
winter annual grasses and selected plant pathogens.
Economics and Comprehensive Pest Management
suggest comparing the traditional wheat-fallow
system with a whest-alternate crop-fallow system
that uses pest management strategies such as host
plant and naturd enemy regulation of pests. Weaim
to partner our pest management team with existing
interests in aternative crop systems to address
viability of crop production and protection.

Practical Surveillance for Resistance to
Insecticides Is an IPM Responsibility: Onion
Thrips And Lygus Bugs. William A Brindley and
Diane G. Alston, Department of Biology, Utah State
University, Logan, UT 84322-5305

IPM for many crop systems will benefit from greater
involvement of extension, pest managers, and
growers in practical surveillance for resistance to
insecticides. To help achieve this goal, simple
resistance bioassay methods for usein the fidd were
developed for onion thrips, Thrips tabaci, and
western tarnished plant bugs, Lygus Hesperus.
Individuals of both species were collected into
disposable plastic bags with salf-locking seals. The
bags had been previously treated with microgram
quantities of technical grade insecticides and
provided with abit of lesf material and a spacer. LC
values were calculated from mortalities observed
after 4 hours for the thrips and after 8 hours for the



lygus bugs. Probit analysis was based upon Finney's
procedures via a new Excel spreadsheet format.

Tests of insecticide tolerance for onion thrips to
cypermethrin, bifenthrin, malathion, or methyl
parathion were conducted in 1992 and more
intensively in 1993 in northern Utah. Spot checks
with cypermethrin and methyl parathion in 1995
indicated major shifts in insecticide tolerance had
not occurred. Results in 1993 suggested grower
practices could influence insecticide LC values.
Tests of metasystox-R and capture were conducted
with lygus bugs in Washington, Oregon, Idaho, and
California. Again, grower practices were strongly
implicated in the extent of resistance selection.

Thepractical success of these bioassay methods and
continued indication that grower practices influence
resistance, makes it very clear that tests for and
research on resistance to insecticides should begin
before resistance appears. This, too, is an IPM
responsibility, especialy for those crop systems that
continue to requireinsecticide use as part of an |IPM

program.

I nfluence of Field Oviposition on Populations of
Maize Weevils (Sitophilus Zeamais) in Stored
Corn. Steve L. Brown and Dewey Lee, Extension
Entomologist and Extension Agronomist, The
University of Georgia, Rural Development Center,
P.O. Box 1209, Tifton, GA 31793

Maizeweevils are a perennial pest of stored cornin
the Southeastern United States. In Georgia, maize
weevils have been commonly observed feeding on
corn kerndls in the fidld. Research is underway to
determine when oviposition occurs in the field, the
amount of oviposition that 